Background: Acute leukemia is a malignant, rapidly progressive disease of the bone marrow and blood that most commonly occurs in children. Abnormalities of blood caused by leukemia and also accumulation of leukemic cells in different parts of the oral cavity cause a wide spectrum of oral manifestations. Objectives: The current study aimed to estimate the incidence of leukemia among children in Tehran and evaluate oral manifestations of the disease as potential diagnostic markers. Patients and Methods: In this retrospective cross-sectional study, medical records of children younger than 12 years referred to Mofid hospital, Ali-Asghar hospital and Children's medical center from 1997to 2011 were retrieved from the hospital archives and evaluated. Records of 100 patients with leukemia were randomly selected for evaluation. The obtained data were transferred to the questionnaires. Data were analyzed using SPSS version 11.5 and Chi-square test. Results: Of the 3,789 children younger than 12 years referred to the hematology department of Tehran pediatric hospitals from 1997 to 2001, 1,372 had acute leukemia, put of which 94% had acute lymphoblastic leukemia and 5% had acute myeloid leukemia. Boys aged 5 -10 years made up 69% of the acute leukemia cases. The most common oral manifestation was gingival bleeding and petechiae. The most important disease other than leukemia was anemia in the patients.
Background
Leukemia is a malignant disease affecting hematopoietic tissues. In this condition, white blood cells proliferate abnormally and spread in the peripheral blood. Abnormal leukocytes (blast cells) gradually replace normal bone marrow cells and accumulate in other tissues and organs. Leukemia is classified into 4 subtypes consisting of acute lymphocytic leukemia (ALL), acute myelocytic leukemia (AML), chronic lymphocytic leukemia (CLL), and chronic myelocytic leukemia (CML) based on cell origin (lymphoid or myeloid) and clinical course (chronic or acute). The survival rate of ALL is 80% in children. At the time of diagnosis, children are most commonly at the age range of 2 -5 years. Prognosis of disease is much worse in children younger than one year or older than 10 years. ALL most often affects white children and males. However, white boys compared to white girls have a higher chance of recovery and life expectancy. In addition, black girls and boys also have a lower rate of survival. Also, children with primary signs and symptoms of anemia have better survival rates. Early detection and prompt treatment increase the chance of remission and recovery. Children whose bone marrow seven days after treatment is still not free from immature cells have a poorer prognosis. Also, children with WBCs more than 50,000 per mm 3 have a worse prognosis.
The ceased activity of bone marrow, combined with chemotherapy and infiltration of leukemic cells causes a wide array of oral manifestations. The most common manifestations that are usually noticed by dentists include gingival bleeding, petechiae, ecchymosis and lymphadenopathy due to the infiltration of leukemic cells in lymph nodes. Anemia and thrombocytopenia in children result in paleness of oral mucosa, ecchymosis and gingival bleeding. Oral mucosal wounds are also among the common findings in patients with leukemia undergoing chemotherapy. These lesions are significantly large, irregular with a bad odor confined by a pale mucosa. Candidiasis is a common fungal infection in patients with leukemia undergoing chemotherapy. Periodontal disease due to infection is also common. Gingival hypertrophy due to the infiltration of leukemic cells is another common finding in monocytic leukemia (1) .
During the past 25 years, the importance of early detection of leukemia manifestations is increasingly emphasized. Factors such as age, gender, patient's general health status, ethnicity, nutrition, socioeconomic status, signs and symptoms of disease and other conditions associated with leukemia are all important and play a role in treatment outcome. For example, children with Down syndrome have a high prevalence of leukemia and when undergoing chemotherapy, have twice the chance of recovery compared to other children with myeloid leukemia. Infections, genetics, physical and chemical agents or a combination of all are suggested as potential etiologic factors to develop leukemia.
In 1997, Hou et al., in a retrospective study, evaluated the oral manifestations of leukemia and stated that age predilection and prevalence of oral manifestations were closely correlated with the type of leukemia. Fever, lymphadenopathy, laryngeal pain, gingival bleeding, oral ulcers and gingival enlargement were the most common manifestations of leukemia in their study (2) .
According to Nikoui and Lalonde, approximately 1000 cancer cases are annually reported among children younger than14 years in Canada. Leukemia accounts for about 30% of these cases. In their study, they emphasized the role of dentists before, during and after treatment of leukemia (3) .
Dentists are responsible for initiating the diagnosis of leukemia in a significant number of acute nonlymphoblastic patients with leukemia since oral lesions are among the common signs or symptoms in undiagnosed patients with acute leukemia (4) .
In another study on 50 children with oral manifestations of leukemia, mucosal pallor was the most common presenting oral symptom followed by erythema, ulceration and swelling of the lips, tongue, palate and gingiva. Facial pallor and lymphadenopathy were among the extraoral manifestations of the disease (5) .
In a study by Orbak conducted in Turkey in 1997, mucosal pallor was the most common oral manifestation of leukemia. They also suggested the integration of professional dental follow up and medical follow up of patients with leukemia (6) .
Timely diagnosis of leukemia is very important, since in cases of early diagnosis, patients will have a survival rate as high as 80%. By paying attention to the oral manifestations of leukemia, dentists can play an important role in its early diagnosis.
Objectives
Since accurate statistics are rarely available in Iran regarding the number of children with leukemia, especially ALL, the current study aimed to estimate the actual incidence of this disease among children younger than 12 years in Tehran and assess the oral manifestations of their disease. The present study also evaluated the possible causes of leukemia in children and factors such as consanguinity of parents, patients' family history, and correlation of age and gender with the disease.
Patients and Methods
In this retrospective cross-sectional study, data were collected using a questionnaire with 14 questions based on a consensus reached in a panel of experts (Table 1) .
Medical records of children younger than 12 years referred to three pediatric hospitals in Tehran namely Mofid hospital, children's medical center and Ali-Asghar hospital from 1997 to 2011 were retrieved from the hospital archives and evaluated. Records of 100 patients with leukemia were randomly selected. The questionnaires were filled out based on the data obtained from the medical records of patients with leukemia. Sample size was calculated as 100 using following Equation 1.
Where P is the estimation of patients with leukemia with oral manifestations relative to the total patients with leukemia. Based on the results of preliminary studies P was considered as 0.30, U0/2 = 1.96 and q = 1 -P = 0.70 using standard normal distribution and CI = 95%; e was 0.1. Collected data was analyzed using SPSS version 11.5. Chi-square test with 95% CI was used to assess the mean hematocrit (HCT) in children with leukemia below 12 years based on their gender and age.
Results
Out of the 3,789 children younger than 12 years referred to the hematology departments of Tehran pediatric hospitals from 1997to 2001, 1,372 had acute leukemia of which, 94% had ALL and 5% had AML. Of these patients, 69% were boys and 31% were girls. In terms of age range, 41% were 1 -5 years, 42% 5 -10 (highest frequency) and 17% were older than 10 years. The majority of mothers (48%) and fathers (54%) had educational level below high school diploma. Only 8% of the subjects had a family history of leukemia. In 100% of patients, the primary diagnosis of leukemia had been made by the physician. In 6% of cases, oral manifestations had helped the diagnosis. In total, 22% of subjects had first-degree consanguineous parents. Thus, 36% of aforementioned children younger than 12 years had leukemia and assuming 95% CI, the incidence of leukemia in children younger than 12 is 34.7% to 37.7% in this population.
The most common oral manifestations were gingival bleeding, petechiae, ecchymosis, oral mucosal changes and fungal lesions ( Table 2) . Also, the most common systemic disease after leukemia was anemia with the prevalence of 22.8% in boys and 22.6% in girls ( Table 2 ).
In general, the most common oral manifestation in 41.4% of ALL patients was gingival bleeding. The most common systemic disease other than leukemia was anemia followed by cervical lymphadenopathy. The highest incidence of leukemia was in children aged 1 -10 years which indicates that by increased age, incidence of ALL decreases. Table 3 shows the relative frequency of oral symptoms and history of other conditions based on the patients' age group. The mean HCT in 94 ALL subjects was 33.4. This rate was 34.54 in the remaining five patients with AML which was below the normal range in both groups (Table 4) .
Totally, 95% of families of children with leukemia had at least two children and vaccination was complete in 99% of the patients. The most common oral manifestation in boys was gingival bleeding (43.3%). In girls, the prevalence of gingival bleeding, petechiae and ecchymosis were almost the same.
There was a significant correlation between the age of children and development of leukemia. No correlation was found between consanguinity of parents and 
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Discussion
Children rarely develop cancer but leukemia is the most common cancer among them; therefore, the highest cancer-related morbidity and mortality in children is due to leukemia (1). Leukemia-related morbidity and mortality is decreasing in many countries. In the United States, the prognosis of this condition has greatly improved and, at present, annual rate of leukemia-related morbidity and mortality is about 20,400 individuals which have decreased by 42% compared to the previous rate. The majority of conducted studies emphasize the role of dentists in early detection of this disease.
The current study evaluated children with ALL and AML. AML has the highest incidence in adults with 10,000 new cases annually in the United States and affects all age groups. ALL is the most common form of leukemia in children with 3000 new cases per year in the United States. Approximately there are 140,000 patients with leukemia in the US and there are 20,400 annual cases of death due to this disease. A total of 25,700 new cases of leukemia are de-tected and registered every year in the US alone. The prognosis of this disease has greatly improved during the recent years and the life expectancy of patients has reached five years which shows a 3-fold increase (42%) compared to 38 years ago. There are 3000 to 4000 new cases of ALL per year, two-third of which are in children. That is why ALL is largely considered childhood leukemia (7) .
A wide array of oral manifestations is reported in patients with leukemia. The most common manifestations usually noticed by dentists include gingival bleeding, petechiae, ecchymosis and lymphadenopathy. Severe gingival bleeding may be treated with local treatments with no need for platelet transfusion. Elimination of stimuli and pressure with fingers may be helpful. Oral mucosal wounds are also among the common findings in patients with leukemia undergoing chemotherapy. These lesions are significantly large, irregular and with a bad odor confined by a pale mucosa. In these cases, prevention of infection, minimizing the risk of bacteremia and pain relief by administration of systemic and topical antibiotics, chlorhexidine mouthwash and diphenhydramine are recommended. Candidiasis is a fungal infection commonly found in patients with leukemia undergoing chemotherapy. Periodontal disease due to infection is a common finding as well. Thus, hopeless teeth and sources of infection have to be eliminated before the initiation of chemotherapy.
The present study provided accurate statistics regarding the incidence of leukemia among children below 12 years in Tehran and evaluated their oral manifestations. 4 Avicenna J Dent Res. 2016; 8(4):e29995.
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Null Hypothesis Highest Frequency P Value Result
Equal number of large and small families for leukemia patients Large families, n = 89 0.001 Refuted
Not receiving adequate vaccination may result in development of leukemia
Complete vaccination, n = 93 0.000 Refuted
Frequency of different oral complications is similar in patients with leukemia
Mostly had gingival bleeding 0.000 Refuted
Leukemia increases the risk of other blood-borne conditions Anemia 0.000 Refuted Number of patients with leukemia in different age groups younger than 12 is equal 1 -5 years and 5 -10 years, n = 40 each 0.001 Refuted
Equal number of male and female patients with leukemia
Males, n = 66 0.000 Refuted
Equal frequency of different levels of education of mothers of patients with leukemia
Below high school diploma, n = 43 0.00 Refuted
Equal frequency of different levels of education of fathers of patients with leukemia
Below high school diploma, n = 50 0.00 Refuted
Equal number of parents of patients with leukemia with and without consanguinity
Non-consanguineous, n = 65 0.000 Refuted
Noticing oral complications does not help early diagnosis of leukemia
Not mentioning oral complication in the records of 89 patients 0.000 Refuted
Positive history of leukemia in the family or relatives affects the occurrence of this disease in children
No history, n = 87 0.000 Refuted a Level of significance P < 0.05.
Age, gender, patient's family history, consanguinity of parents, vaccination chart, level of education of parents and other systemic diseases were among other factors evaluated in this study.
Katz and Peretz reported a case of trismus that resulted in a diagnosis of ALL. Trismus was most probably due to the infiltration of leukemic cells in the deep portion of contracting facial muscles. They highlighted the importance of physical and laboratory examinations ordered by dentists and their independent judgment even in the cases referred by other physicians (8).
Baliga et al. discussed oral mucosal lesions in ALL patients. During head and neck examinations, they found lymphadenopathy to be the most common finding suggestive of leukemia. Gingival bleeding and oral mucosal pallor were among other common oral manifestations. Oral mucosal ulcers, uncontrolled herpes, candidiasis and pseudomonas infection were among the side effects of chemotherapy observed in patients (9) . Their study results were in consistent with those of the current study in terms of initial oral manifestations of the disease. However, oral side effects of chemotherapy were not evaluated in the current study.
Infection due to the suppression of bone marrow and the immune system, impaired healing responses, and poor oral hygiene were reported in another study on 77 patients with ALL (10).
Review of literature reveals that leukemia is associated with a high incidence of oral complications at the time of diagnosis and during the course of treatment. Oral manifestations of leukemia can be categorized into three groups. Primary lesions are caused by the infiltration of malignant cells into the oral structures such as gingiva and bone. Secondary lesions include symptoms of anemia, higher bleeding tendency and greater susceptibility to infections and are due to myelophthisic character of the disease. Tertiary lesions develop as the result of chemotherapy (11) . The present study reported primary and secondary lesions. Another study is recommended to evaluate and report the tertiary lesions in children with leukemia in Tehran.
Shubich in a study discussed oral manifestations related to leukemia and its treatment. According to him, certain anti-leukemic drugs can show severe oral toxicity in the form of pain, or development of superficial white, redbordered patches in the gingiva, labial mucosa, palate and pharynx, as well as other locations (12) . The present study was not able to collect data regarding the oral manifestations of chemotherapy in the understudy patients since such data had not been recorded in their medical files. It is required to perform further studies on larger sample sizes to evaluate both pre-and posttreatment oral manifestations in leukemic children with leukemia in Tehran as well as other cities of Iran.
In another study, maxillary unilateral swelling and pain in the buccal vestibule were reported in a 12-year-old Avicenna J Dent Res. 2016; 8(4):e29995. 5
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girl as the first diagnostic symptom of ALL relapse (13) . Pericoronitis (14) and numb chin syndrome (15) are also reported as the primary manifestations of ALL. Gingival hypertrophy in another study was noticed as an unusual feature of precursor T-cell lymphoblastic leukemia (16) . Sepulveda et al., in a case report, discussed a six-year-old boy with persistent and severe bleeding following a tooth extraction and generalized gingival enlargement over a short period of time that lead to the diagnosis of acute myeloid leukemia (17) . The present study, as well as the aforementioned ones, emphasizes the role of dentists in providing an opportunity for timely diagnosis, early referral, and proper treatment of an underlying leukemia by having adequate knowledge about the early oral signs and symptoms of this disease.
